In this study, we have used the potassium hydroxide (KOH) as an eco-friendly and favorable activating agent to develop the porous and defect structure of activated carbon. Otherwise, the response surface methodology (RSM) has been applied to investigate the effects of the adsorption parameters including initial concentration, adsorbent dosage, and pH of solution on the percentage of Cu 2+ removal. The RSM-based two order regression polynomial models were found to be statistically significant by values of the coefficients of determination (R 2 ) closer than 1.0 and the P-values < 0.0001 from analysis of variance (ANOVA). Under the predicted optimum conditions, actual experiments were confirmed to optimize the percentage of Cu 2+ removal efficiency (97.5 %) and maximum adsorption capacity (24.45 mg.g -1 ) from Langmuir equation. Based on experimental results, a treatment process can be easily designed using rice husk for the fabrication of activated carbon to remove toxic metal ions from the polluted water.
INTRODUCTION
Heavy metals are generally considered as one of the main causes for adverse effects on human health and ecosystems due to their high cumulative toxicity in groundwater [1] . Among the well-known elements, copper is a carcinogenic and non-biodegradable transition metal and it is commonly detected in fertilizer manufacture, mineral processing industrial effluent, the leak of chemical pollutants and tan-house [2] . The accumulation of copper accounts for typically serious infections such as neurological disorders, respiratory failure, and birth defects [3] . Traditional techniques have been developed for the elimination of copper-contaminated water, for example, chemical precipitation, oxidation/reduction and membrane filtration [4] .
Nevertheless, obstacles of these treatment processes could prohibit their potential applications including very high operational cost, moderate removal efficiency and the generation of hazardous sludge. Meanwhile, adsorption is recognized as an effective mechanism for the removal of pollutants because of its high performance and outstanding recyclability [5] . In recent years, adsorption onto activated carbon has been proven as a promising means of treatment for the removal of heavy metal ions from aqueous solution. However, commercial activated carbon is very expensive in the market, and hence its widespread applications are limited towards economic aspects [6] . These difficult challenges can be solved by using abundant biomass source as raw material for the fabrication strategy of activated carbon.
Activated carbon (AC), a microcrystalline and non-graphitic material, could be prepared from zero-costly and locally available agricultural wastes [7] . Among the agricultural products, rice is a well-known and widespread plant and it is massively cultivated in some tropical countries. Combustion and discharge of rice husk without pretreatment can lead several environmental problems. According to the previous publication, main components of the rice husk are cellulose, hemicelluloses and lignin [8] . Hence, the transformation and conversion of non-toxic and renewable rice husk into low-cost and high-performance activated carbon has paid much attention of scientists and environmental organizations all over the world. The present work aims to investigate influential factors of the removal of Cu 2+ by adsorption onto rice huskderived activated carbons using the response surface methodology (RSM). The quadratic regression equations were established to evaluate the effect of several variables including initial Cu 2+ concentration, the dosage of AC and pH of the solution on the Cu 2+ removal efficiency. Otherwise, the predicted optimum conditions-based experiment was employed to find the maximum percentage of Cu 2+ removal.
MATERIALS AND METHODS

Chemicals and instruments
All chemicals for this study were commercially purchased from Merck and used as received without any further purification unless otherwise noted. All activated carbon samples were pretreated by heating at 105 o C for 3 h. The scanning electron microscope (SEM) was recorded by instrument S4800, Japan and used an accelerating voltage source of 10 kV with a magnification of 7000. The FT-IR spectra were recorded by using the Nicolet 6700 spectrophotometer instrument
Production of activated carbon from rice husk (RSAC)
The rice husk was carbonized at 500 o C (10 o C/min) under N 2 atmosphere (400 cm 3 /min). The char was soaked with KOH solution (char KOH = 1:1 by weight) for 1 day, then KOHimpregnated char was heated to 600 o C beneath N 2 atmosphere. The sample was repeatedly washed with deionized water until filtered water obtained a neutral solution. Finally, the synthesized AC was slowly dried at 105 o C, and then smoothly ground for storage (27.8 % of AC yields).
Adsorption batch
The activated carbon (0.8-9.2 g/L) was poured in an Erlenmeyer flask containing 50 mL of Cu 2+ aqueous solution (8-92 ppm). After absorption equilibrium obtained, the adsorbent was removed from the mixture. The residual concentrations were confirmed by AAS and Cu
2+
removal was calculated as follows:
where, C o and C e are the Cu 2+ initial and equilibrium concentrations (ppm), respectively.
Experimental design with RSM
In this study, we used the RSM as a mathematical method to optimize experimental variables through second order polynomial regression equations. Central composite design (CCD) is used to establish given 20 experiments (Table 1 ) with five level including the low (-1), high (+1) and rotatable (±α). 
RESULTS AND DISCUSSION
Textural characterization of activated carbon
The surface functional groups of activated carbon influences significantly on the absorbability such as ion exchange, catalysis, and adsorbent. The spectra of Fourier transform infrared spectroscopy was used to analyze the characteristics of material surface ( Figure 1a) . Generally, the rice husk-derived activated carbon possessed complex surface with various kinds of functional groups. In detail, the strong absorption band located at 3450 cm -1 -3400 cm -1 was typically attributed to the -OH stretching vibrations of hydroxyl functional groups. A double peak around 2900 cm -1 was correspondent to C-H vibrations in alkane compounds. The oxygen-nitrogen asymmetric and C≡C bonding vibrations were confirmed by the presence of the peaks, which positioned at 1541 cm -1 and 2353 cm -1 , respectively. The unsaturated carbon bonds (C=C) in aromatic rings or olefin were also confirmed by stretching band at 1640 cm -1 . According to previous studies, KOH activation plays a crucial role in the formation of higher pore volumes and surface areas and evolution of the oxygen-containing group species [9] . Under electrostatic attraction between active sites containing a lone pair of electron and metal sites containing a positive charge, Cu 2+ ions was captured by the mechanism of ion-exchange on the surface of activated carbon [10] . Moreover, the surface morphology of the as-synthesized activated carbon was recorded by a means of scanning electron microscope and micrographs (size 2 µm-100 µm) was shown in Figure 1b at a magnification of 60000. It is clear that the structure of activate carbon possesses the high porosity and amorphous surface. 
Assessment of experimental results with Design-Expert
The percentage of Cu 2+ removal from the synthetic wastewater using the response surface methodology approach was presented in Table 2 . The ranges of investigation parameter were designed as follows: initial concentration from 8 ppm to 92 ppm, an adsorbent dosage from 0.8 g/L to 9.2 g/L and pH of the solution from 0.6 to 7.4. The correlation between the responses and variables was described by the following quadratic equations: 
Herein, the significance of quadratic model could be evaluated by ANOVA data obtained from the response surface methodology approach through output parameters. According to Table  3 , the proposed model for Cu 2+ removal was statistically significant (95 % confidence level) due to the values of probability > F were less than 0.0001 and determination of coefficient R 2 was closer 1.0. The adequate precision (AP) ratio was used to measure to noise ratio. This ratio greater than 4.0 indicated an adequate signal and the proposed model could be used to navigate the design space. In addition, the predicted and actual values positioned at the straight line revealed high fitness of model (Figure 2a) . Otherwise, lack of fit (LOF) value was statistically insignificant to indicate the model fitted data well. while the of the program maximum igure 2b, moval of could be of initial oth initial n of initial f solution H < 2), the n can be the active improved efficiency nd pH on the removal of Cu 2+ was observed in Figure 2d . A wide range for the value of pH (4 -7) and dosage (3-8 g/L) was favorable for the adsorption. To confirm the optimum points from DX9, a model experiment were employed at the following conditions: C i = 67.1 ppm, dosage = 5.1 and pH = 5.8 (Table 4) . Thereby, the experiment for the percentage of Cu 2+ removal was obtained 97.5 %. This result was nearly closer to the predicted values of 100.5 %. These above results demonstrate the high compatibility of the proposed models with the experimental data. 
Isotherm modeling and adsorbent recyclability
Adsorption parameters can be obtained by using well-known isotherm equations, which gives crucial information about behaviors, mechanisms, and properties of adsorbent. The constants of isotherm models for the adsorption process and the respective correlation coefficient (R 2 ) are summarized in adsorption process is proposed to occur mainly monolayer adsorption. The maximum adsorption in this study acquired to be 24.45 mg.g -1 , which was higher than previous studies (Table 6 ). The regeneration was employed to investigate the recyclability of rice husk-derived activated carbon. The steps for this procedure as follows: 3 × 50 mL hydrochloric acid (1.4 M) was used to wash Cu 2+ -adsorbed activated carbon [12] . Then, desorption adsorbent was completely dried at 378 K for 12 h and could be used as an adsorbent for the further study. As a result, the removal percentage of Cu 2+ of the recycled RSAC was decreased from 97 % (1 st ) to 82.4 % (6 th ). Therefore, RSAC can be used for the removal of Cu 2+ several times without a considerable decrease of adsorption capacity (Figure 3 ). The present results revealed the great potential in the use of rice husk as a raw material source for adsorption of Cu 2+ from wastewater. 
CONCLUSIONS
The present study focused on the promising of the rice husk as a zero-costly and available precursor for the fabrication of porous activated carbon for the purposes of wastewater treatment. The characteristic profiles admitted the highly porous, amorphous, various kinds of essential functional groups and defective structure of rice husk-derived active carbon. Three parameters for the adsorption process of Cu 2+ onto activated carbon have been investigated including initial concentration, adsorbent dosage, and pH of the solution. The optimization of Cu 2+ removal using the response surface methodology has found out the optimum points as follows: C i = 67.1 ppm, dosage = 5.1 g/L and pH = 5.8. Moreover, isotherm models were checked and revealed the high satisfactory (R 2 > 0.9) by all adsorption equations, where the Langmuir equation showed high capacity of monolayer adsorption (24.45 mg.g -1 ). The recycling results up to six times proved a great potential for application of activated carbon from rice husk for pollution treatment.
